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(54) LAMINATED SUBSTRATE, METHOD OF MANUFACTURING THE SUBSTRATE, AND WAFER 
OUTER PERIPHERY PRESSING JIGS USED FOR THE METHOD 



(57) Provided are a bonding substrate whose defec- 
tive bonding portion in a peripheral region of an active 
layer has been removed by a polishing applied thereto 
after a surface grinding, a manufacturing method of the 
same substrate and wafer periphery pressing jigs. After 
the surface grinding, a periphery removing polishing is 
applied from an active layer wafer (1 0) side of a bonding 
wafer (30) so that a peripheral region of the active layer 
may be removed and a central region thereof may be 
left un-removed. Consequently, a periphery grinding 
and a periphery etching according to the prior art can 
be eliminated. Furthermore, an etch pit on a circumfer- 
ential face of a wafer (20) which could be caused by the 
periphery etching and a contamination or a scratching 
in an SOI layer (1 OA) which could be caused by a silicon 
oxide film (10a) left un-ground-off can be prevented, 
thereby achieving high yield and low cost. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a bondingsub- 5 
strate, a method for manufacturing the same and a wa- 
fer periphery pressing jig used in the same method, and 
in more specific, to a technology for manufacturing a 
bonding substrate, in which, for example, a removal 
processing of a defective bonding portion in a peripheral 10 
region of an active layer is carried out in a polishing proc- 
ess after a surface grinding. 

DESCRIPTION OF THE PRIOR ART 

15 

[0002] One known type of the bonding substrate com- 
prising two pieces of silicon wafers that have been bond- 
ed in one on the other includes a bonding SOI (Silicon 
on Insulator) substrate. This represents the bonding SOI 
substrate comprising an oxide film (silicon oxide film) of 20 
some urn thick implanted between an SOI layer (active 
layer) on a surface of which a device is to be formed and 
a supporting substrate wafer which supports the SOI 
layer from a back side thereof. 

[0003] One method has been known for manufactur- 25 
ing this type of bonding SOI substrate, in which during 
a periphery grinding process for grinding a peripheral 
region of an active layer wafer, the wafer peripheral re- 
gion is not fully ground off but some portion thereof is 
left, and then this left portion is removed by an alkaline 30 
etchant, which is followed by a surface grinding and a 
surface polishing processes applied in sequence to said 
active layer whose peripheral region has been ground. 
[0004] A conventional manufacturing process of the 
bonding SOI substrate will now be described in se- 35 
quence with reference to Figs. 23 to 27. 
[0005] First of all, a single crystalline silicon ingot that 
has been pulled up by the Czochralski method is sliced 
and polished to thereby prepare two pieces of mirror fin- 
ished silicon wafers (CZ wafers) 101 and 102 (Fig. 23 40 
(a)). One of these two wafers which is to be used as an 
active layer wafer 101 comprises an insulating silicon 
oxide film 1 01 a formed entirely over an exposed surface 
thereof through a thermal oxidation processing by using 
a thermal oxidation furnace. 45 
[0006] Subsequently, the active layer wafer 101 and 
the supporting substrate wafer 102 are bonded in one 
on the other at an ordinary temperature to thereby fab- 
ricate a bonding wafer 103. Through this process, an 
implanted silicon oxide film 101b may be provided be- so 
tween said two wafers 1 01 and 1 02. After that, a bonding 
thermal processing at a temperature equal to or higher 
than 800°C is applied to the bonding wafer 103 under 
an oxidizing atmosphere (Fig. 23(b)). Thus, the silicon 
oxide film 103a is formed entirely over the exposed sur- 55 
face of the bonding wafer 103. At that time, the active 
layer wafer 101 has been covered in advance with the 
silicon oxide film 1 01 a. Owing to this, the oxide film may 



grow further to be thicker with the aid of the heat from 
the bonding thermal processing. For convenience, the 
silicon oxide films 101a and 103a are indicated by dif- 
ferent colors in Fig. 23 (similar in Fig. 1). 
[0007] In the next step, a peripheral region of the ac- 
tive layer wafer 101 is ground off in order to remove a 
defective bonding regions resultant from the peripheral 
shapes of the beveled two wafers 101 and 102 (Fig. 23 
(c)). If there were any defective bonding regions left, 
those regions would be stripped off and dispersed away 
in the subsequent cleaning and/or polishing processes, 
which could cause a contamination of the surface of the 
SOI layer (active layer) with said dispersed material ad- 
hering on the surface or a damage on the surface of the 
SOI layer during the subsequent wafer processing due 
to this adherent dispersed material. This periphery 
grinding may be ceased at a level not to reach a bonding 
interface. Consequently, some volume of material 101c 
is left un-ground in the peripheral region of the active 
layer wafer 101. 

[0008] Subsequently, the portion left un-ground-off 
101c is removed by the alkaline etching (Fig. 23(d)). 
Specifically, the peripheral region of the bonding wafer 
103 comes into contact with an alkaline etchant such as 
KOH to cause the portion left un-ground-off 101c to be 
dissolved. Thus, the peripheral region of the surface de- 
fined in the bonding surface side of the supporting sub- 
strate wafer 102 is exposed. Hereinafter, this exposed 
portion is referred to as a terraced portion. 
[0009] Subsequently, the surface of the active layer 
wafer 101 is ground and further polished into a mirror 
surface, to thereby fabricate a bonding SOI substrate 
comprising a thin SOI layer 1 01 A supported by the sup- 
porting substrate wafer 102 from a back surface side 
thereof (Fig. 23(e)). 

[0010] However, the conventional manufacturing 
method of the bonding SOI substrate according to the 
prior art is associated with the drawbacks as will be de- 
scribed below. 

(1 ) To fabricate the SOI layer 1 01 A according to the 
prior art, such a series of complicated processes 
has been employed, in which a peripheral region of 
the active layer wafer 1 01 is partially ground off with 
some portion thereof left un-ground-off, subse- 
quently this left portion 1 01 c is removed by the pe- 
riphery etching, and then the surface grinding and 
polishing processes are applied to the active layer 
wafer 1 01 . This has increased the number of man- 
ufacturing processes of the bonding substrate, 
leading to a longer manufacturing time to be re- 
quired. 

(2) In said step of bonding thermal processing, the 
bonding wafer 103 is inserted to be mounted in a 
wafer mounting recess of a wafer boat, though not 
shown, and then the wafer boat is introduced in a 
thermal oxidation furnace to provide the thermal 
processing. At that time, since the peripheral end 
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face of the supporting substrate wafer 1 02 comes 
into contact with an inner wall of the wafer mounting 
recess of the wafer boat, there could occur a 
scratching and an insufficient growth of the oxida- 
tion film in.the peripheral end face of the supporting 5 
substrate wafer 102. If the periphery etching is ap- 
plied to the portion left un-ground-off 1 01 c with such 
defection formed thereon, the portions of said 
scratching and said insufficient growth of the oxide 
film are selectively etched more as compared to io 
other portions, resulting in an etch pit "a" shown in 
Fig. 24 to appear in the peripheral end face of the 
supporting substrate wafer 102. 

(3) Also during the step of periphery grinding of the 
active layer wafer 1 01 , there is a fear that a periph- '5 
eral surface of the supporting substrate wafer 1 02 
could be scratched and/or the separation of adhe- 
sion could be induced locally in the peripheral re- 
gions of the two wafers 101 and 102, which could 
lead to the selective etching in these portions result- so 
ing in an etch pit "b" shown in Fig. 25 to be devel- 
oped. 

(4) In said step of alkaline etching, the silicon oxide 
film 101a, 103a are hardly etched. Owing to this, 
after the surface grinding and surface polishing 25 
processes of the active layer wafer 101 , the mus- 
tache-shaped silicon oxide film 101a, 103a portion 

"c" is left un-ground-off in the terraced portion of the 
supporting substrate wafer 102 (Fig. 26), which is 
associated with a fear that said portion could be 30 
stripped off and dispersed to adhere onto the sur- 
face of the SOI layer 1 01 A to cause the contamina- 
tion therein and that the adhering material could 
cause a damage in the surface of the SOI layer 
101 A during the subsequent wafer processing 35 
steps. 

(5) In the peripheral edge face of the SOI layer 
101 A, a crystal orientation is not uniform in the ar- 
eas other than the vicinity of the locations defined 

by the multiple of 90 degrees (i.e., locations defined *o 
by 90 degrees, 1 80 degrees and 270 degrees) orig- 
inated in an orientation flat or a notch along the cir- 
cumferential direction. For example, according to 
the SOI layer having its device forming surface de- 
fined as a (100) face, the portions defined by the « 
multiple of 90 degrees with respect to the orienta- 
tion flat or the notch have the crystal orientation of 
[011], but other portions have uneven crystal orien- 
tation. Owing to this, when the anisotropic etching 
using the alkaline etchant such as KOH is applied so 
to the peripheral region or the portion left un- 
ground-off 101c, an indent "d" (i.e., sawtooth-like 
notches) as shown in Fig. 27 is induced in the pe- 
ripheral edge face of the SOI layer 1 01 A specifically 
in the region having the uneven crystal orientation. 55 

(6) For example, according to the SOI substrate fab- 
ricated by the smart cut method, it is possible to 
make the SOI layer in the form havinganotch. How- 



ever, in said bonding SOI substrate having the sur- 
face of SOI layer 101 A to be finished by polishing, 
the terrace formation is achieved by the periphery 
grinding, wherein it is difficult to provide the periph- 
ery grinding along the notch simply by one-time 
grinding. Accordingly, the SOI layer having the ori- 
entation flat has been typically employed. Conse- 
quently, the area available for forming the device is 
restricted to be smaller as compared to the case of 
SOI layer having the notch. 

In an actual wafer manufacturing, as a counter 
measure to solve the above-described problems (2) 
-(6), further complicated processes have been add- 
ed to ensure the quality of the bonding SOI sub- 
strates. Disadvantageously, this has produced an 
additional factor to increase a manufacturing cost. 

(7) Sometimes, the bonding wafer is provided with 
a laser mark carved in the orientation flat portion or 
the notch portion of the supporting substrate wafer 
in order to identify the wafer. In more specific, those 
previously designated marks, such as a bar code, 
a numeric figure, a symbol and a pattern, may be 
indicated in the terraced portion exposed to the out- 
side. The well-known typical kinds of laser mark in- 
clude a soft laser mark having a carving depth in a 
range of 0.1 - 5 urn and a hard laser mark having a 
carving depth in a range of 5 - 1 000 u.m. In the de- 
vice process, the soft laser mark is used. If the soft 
laser mark is printed on a surface of the SOI layer 
of the SOI wafer having a thickness of the SOI layer 
equal to or less than 5 \i m, the laser light could 
reach to the implanted oxide film to generate dust 
particles and thereby to contaminate the surface of 
the active layer, leading to the deterioration of yield 
of device. 

Further, the structure of the bonding SOI is 
more advantageous to cope with the problem of a 
crystal defect in an Si-Si0 2 interface and a thin-film 
Si layer as compared to the other SOI structures 
including SIMOX and the like. However, the CZ wa- 
fer to be prepared as a material of the wafer con- 
tains a lot of COP and/or BMD (Bulk Micro Defect), 
which may deteriorate a device characteristic. 

In this concern, one prior art aiming for solving 
this problem has been known as disclosed in the 
Japanese Patent Laid-open Publication No. Hei 
5-211616. This has disclosed the art, in which a 
thermal processing at a high temperature is applied 
to an active layer wafer before being bonded or a 
bonding SOI substrate after having been bonded, 
in the reducing atmosphere or in the inactive atmos- 
phere to thereby remove any oxygen present on the 
surface of the SOI layer to increase the quality of 
the crystal. 

(8) However, when the thermal processing at the 
high temperature is applied to the active layer wafer 
before being bonded, in the reducing atmosphere 
or in the inactive atmosphere, the surface of the SOI 
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layer that has been obtained by decreasing the 
thickness of the active layer wafer may define an 
exposed surface. This causes the crystal defects to 
be exposed in the surface of the SOI layer, which 
may have been generated during the growing of the 
single silicon ingot or during the oxide film formation 
and the bonding thermal processing. Therefore, 
even if said thermal processing at the high temper- 
ature is applied to the active layer wafer before be- 
ing bonded, in practice, the defects are still existing 
on the surface of the SOI layer to fail in providing 
the counter measure to improve the quality of crys- 
tal. 

(9) When the thermal processing in the reducing at- 
mosphere or in the inactive atmosphere is to be ap- 
plied to the active layer wafer after having been 
bonded, another thermal processing should be ap- 
plied separately from the bonding thermal process- 
ing, which inevitably results in an increase in the 
manufacturing cost. 

[0011] In the light of the problematic circumstances 
described above, the inventors have devoted them- 
selves in the enthusiastic research and made the 
present invention from the fining that if the defective 
bonding portion in the peripheral region of the active lay- 
er wafer is removed exclusively by the surface grinding 
and the surface polishing instead of the periphery grind- 
ing and the periphery etching of the active layer wafer 
which has been practiced in the prior art, the above-de- 
scribed problems (1)-(6) can be resolved. 
[001 2] An object of the present invention is to provide 
an improved bonding substrate and a manufacturing 
method thereof, which can help reduce the number of 
manufacturing processes and the length of manufactur- 
ing time of the bonding wafers, and also enhance a pro- 
duction efficiency of non-defective units of the bonding 
substrate, while enabling a low cost production of the 
bonding substrates, and further allow the active layer 
having a notch to be manufactured. 
[0013] Another object of the present invention is to 
provide a wafer periphery pressing jig allowing for a pe- 
riphery removing polishing to be applied to the wafer by 
using an existing polishing apparatus. 
[0014] Further, the inventors has made the present in- 
vention from the finding that if the width of the portion to 
which the laser marking is applied in the terraced portion 
of the supporting substrate wafer, for example, the width 
of the orientation flat portion or of the notch portion, is 
extended, the generation of dust particles from the ac- 
tive layer due to the irradiation of the laser can be sup- 
pressed and thereby the above-described problem (7) 
can be resolved. 

[0015] That is, another object of the present invention 
is to provide a bonding substrate, in which even if a laser 
marking is applied to a part of a peripheral region of the 
supporting substrate wafer, the dust particles are hardly 
generated from the active layer, as well as a manufac- 



turing method thereof and a pressing jig used in remov- 
ing a part of wafer, which is employed in the same meth- 
od. 

[0016] Further, the inventors have found that the 

5 bonding wafer can be fabricated without causing any pe- 
ripheral region of the wafer to be stripped even without 
applying the thermal processing for enhancing the 
bonding strength after bonding the active layer wafer 
and the supporting substrate wafer under a room tem- 

w perature, by applying the surface grinding to the active 
layer wafer and also applying the periphery removing 
polishing to the active layer for removing the peripheral 
region to leave the central region thereof. Furthermore, 
the inventors has made the present invention from the 

'5 further finding that following to the above-mentioned 
processes, if the thermal processing is applied in the re- 
ducing atmosphere or in the inactive atmosphere after 
the central region of the active layer has been polished, 
then the crystal defects would be no more present in the 

20 surface of the active layer, thus resolving the above-de- 
scribed problems (8) and (9). 
[0017] That is, an object of the present invention is to 
provide a bonding substrate containing no crystal defect 
in the surface of the active layer and a method for man- 

25 ufacturing the same yet with a lower cost. 

DISCLOSURE OF THE INVENTION 

[0018] A first invention provides a bonding substrate 
30 comprising an active layer and a supporting substrate 
wafer for supporting said active layer from a back sur- 
face side thereof, said active layer and said supporting 
substrate wafer being bonded with each other, wherein 
a peripheral surface of said active layer assumes a pol- 
35 ished inclined plane defined from a peripheral edge of 
a top surf ace of said active layer to a peripheral edge 
of a bonding interface of said supporting substrate wafer 
whose defective portions having been removed or de- 
fined from the peripheral edge of the top surface of said 
40 active layer to the peripheral edge of said supporting 
substrate wafer. 

[0019] As for the bonding substrate, for example, a 
bonding SOI substrate may be employed. In addition, a 
substrate comprising the active layer bonded directly 

■*5 with the supporting substrate wafer may be employed. 
The active layer may include, for example, an SOI layer 
of the bonding SOI substrate. In this case, the oxide film 
resides below the active layer and the exposed surface 
in the peripheral edge of the oxide film also defines the 

so polished inclined plane. Further, the supporting sub- 
strate wafer may include, for example, a silicon wafer. 
[0020] Herein, the above phrase that a peripheral sur- 
face of said active layer assumes a polished inclined 
plane defined from a peripheral edge of a top surface of 

55 said active layer to a peripheral edge of a bonding inter- 
face of said supporting substrate wafer whose defective 
portions having been removed means that the periph- 
eral surface of the active layer defines a polished sur- 
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face getting widen toward the end. The phrase of getting 
widen toward the end means a geometry having a linear 
(tapered) cross section or having an arcuate cross sec- 
tion. In this concern, the geometry having the arcuate 
cross section represents a geometry characterized in a 
central region thereof protruding outwardly as com- 
pared to the opposite ends thereof in sectional view. 
[0021] According to the first invention, the periphery 
removing polishing is applied to the active layer wafer 
of the bonding wafer in the region defined from the pe- 
ripheral edge of the top surface of the active layer to the 
peripheral edge of the bonding interface of the support- 
ing substrate wafer whose defective portions having 
been removed or defined from the peripheral edge of 
the top surface of the active layer to the peripheral edge 
of the supporting substrate wafer, with the central region 
of the active layer left un-removed. Advantageously, this 
may eliminate the periphery grinding process for the ac- 
tive layer wafer as well as the periphery etching process 
forthe active layer, which have been required in the prior 
art. As a result, the number of manufacturing processes 
of the bonding substrate may be decreased and in con- 
junction with this, a time required to manufacture the 
bonding substrate may also be reduced. 
[0022] Further, applying the periphery removing pol- 
ishing may help prevent an etch pit from being devel- 
oped in the peripheral surface of the supporting sub- 
strate wafer, which could be caused by the periphery 
etching of the active layer, and it may also help prevent, 
in the bonding substrate represented by the bonding 
SOI substrate, a contamination and/or a scratching from 
being produced in the active layer, which could be 
caused by a mustache-shaped silicon oxide film portion 
left un-ground-off in the peripheral region of the active 
layer and then stripped and dispersed therefrom after 
the periphery etching process. This may enhance a pro- 
duction efficiency of non-defective units of the bonding 
substrate. As a result, a manufacturing cost of the bond- 
ing substrate may be reduced. Further, such a bonding 
substrate containing an active layer with a notch formed 
therein may be fabricated in a simple manner, which has 
been considered difficult to fabricate in the conventional 
method. 

[0023] Furthermore, since the peripheral region of the 
active layer is removed not by the alkaline etching as 
practiced in the prior art but by the polishingwith the pol- 
ishing cloth (periphery removing polishing), an indent re- 
sultant from an anisotropic etching would not be gener- 
ated in the peripheral edge surface of the active layer 
even in a region other than those defined by multiples 
of 90 degrees in the circumferential direction starting 
from the location of the orientation flat or the notch taken 
as a reference, or in the region having uneven crystal 
orientation. Owing to this, the peripheral edge surface 
of the active layer can be formed into smooth surface 
over an entire circumference thereof. 
[0024] Thus obtained bonding substrate is character- 
ized in the polished inclined surface defined from the 



peripheral edge of the top surface of the active layer to 
the peripheral edge of the bonding interface of the sup- 
porting substrate wafer whose defective portions having 
been removed or the polished inclined surface defined 
s from the peripheral edge of the top surface of the active 
layer to the peripheral edge of the supporting substrate 
wafer. 

[0025] A second invention provides a bonding sub- 
strate in which said top surface of said active layer con- 
's tains no crystal defect existing therein. 

[0026] The terms of crystal defect used therein refers, 
for example, to a crystal defect that has been developed 
during growing of a single-crystal silicon ingot and a 
crystal defect that has been developed during forming 
15 of the oxide film or during the bonding thermal process- 
ing. Specifically, it includes COP (Crystal Originated 
Particle). BMD, OSF (Oxidation Induced Stacking Fault) 
and so on. 

[0027] The phrase, no crystal defect existing, used 

20 herein refers to a condition where the crystal defects 
having the size no smaller than 0 . 1 urn in diameter exists 
in the surface of the active layer only by an amount equal 
to or less than 10 pieces/cm 2 . 
[0028] The process used to create the condition with 

25 no crystal defect existing in the surface of the active lay- 
er may not be limited. By way of example, the thermal 
processing after the active layer having been formed on 
the surface of the supporting substrate wafer defined in 
the bonding side may be employed. 

30 [0029] According to the second invention, since there 
is no crystal defect existing in the surface of the active 
layer, the electrical characteristics of a device formed in 
the surface of the active layer may be enhanced. 
[0030] A third invention provides a bonding substrate 

35 in which a width of said polished inclined plane varies 
depending on the part in the circumferential direction of 
the wafer. 

[0031] The phrase of width of the inclined plane used 
herein refers to a length of the inclined plane in the di- 

40 rection orthogonal to a tangential line of the peripheral 
edge of the active layer. The phrase, a width of the in- 
clined plane varies depending on the part in the circum- 
ferential direction of the wafer, means that the inclined 
plane contains wider parts and narrower parts along the 

45 circumferential direction of the wafer. Since the active 
layer is thinner, a major part of the inclined plane is com- 
posed of the peripheral region of the supporting sub- 
strate wafer defined in the bonding surface side (i.e., 
terraced portion). Among these portions, the wider parts 

50 may be used, for example, as a making region to which 
the laser marking is applied. The laser marking may em- 
ploy soft laser marking. A location and a range in which 
the wider part is to be formed in the circumferential di- 
rection of the wafer may not be limited. By way of ex- 

55 ample, the portion of the orientation flat orthe notch may 
be employed as the wider part. 
[0032] The width of the narrower part may be in a 
range of 0.5 to 4 mm, preferably in a range of 0.5 to 1 .5 
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mm. With the width smaller than 0.5 mm, there will be 
induced such a disadvantage that some areas will be 
left un-bonded. Further, the width greater than 4 mm 
may bring about another disadvantage that the device 
area will be reduced, leading to the bad device yield. 
[0033] The width of the wider part may be in a range 
of 3 to 5 mm, preferably in a range of 3 to 4 mm. With 
the width smaller than 3 mm, there will be induced such 
a disadvantage that the surface of the SOI layer could 
be contaminated by the dust particles. Further, the width 
greater than 5 mm will cause another disadvantage to 
reduce the device area, leading to a worse device yield. 
[0034] According to the third invention, the polishing 
is carried out in such a manner that the width of the in- 
clined plane varies depending on the part in the circum- 
ferential direction of the wafer, and thereby in the wider 
parts of the inclined plane, for example, in the portion of 
the notch or the orientation flat, a part of the peripheral 
region of the active layer may be removed with a larger 
extent than in the other parts, and accordingly, a wider 
terraced portion may appear in the peripheral region of 
the supporting substrate wafer. If the laser marking is 
applied to such a wider terraced portion, for example, 
the effect of the irradiated laser would not easily reach 
the active layer. As a result, the generation of the dust 
particles in the active layer during the laser marking can 
be inhibited. 

[0035] A fourth invention provides a bonding sub- 
strate in which a wider part in said inclined plane defines 
a notch portion or an orientation flat portion. 
[0036] The wider part in the inclined plane may be ei- 
ther one of the notch portion or the orientation flat por- 
tion. 

[0037] A fifth invention provides a bonding substrate 
in which said bonding substrate is a bonding SOI sub- 
strate including an oxide film implanted between said 
active layer and said supporting substrate wafer. 
[0038] In bonding SOI substrate, the layer to be cov- 
ered by the oxide film may be either one of the active 
layer wafer prepared as a base material for the active 
layer or the supporting substrate wafer. Alternatively, it 
may be both of the active layer wafer and the supporting 
substrate wafer. The process used to form the oxide film 
may not be limited. By way of example, the dry oxidation 
and the wet oxidation may be employed. Further, an n + 
layer and/or a SiGe layer may be formed on the bonding 
surface. 

[0039] A sixth invention provides a manufacturing 
method of a bonding substrate, comprising: a bonding 
step for bonding an active layer wafer and a supporting 
substrate wafer with one on the other; a thermal 
processing step for enhancing a bonding strength of 
said bonding wafer fabricated in said bonding step; a 
surface grinding step for applying a surface grinding to 
the active layer wafer side of said bonding wafer to de- 
crease a thickness of said active layer wafer so as to 
make it operative as an active layer; and a periphery 
removing polishing step for applying polishing to said 



active layer from said surface grinding side so as to re- 
move a defective bonding portion in a peripheral region 
and to leave a central region un-removed. 
[0040] The bonding step for bonding the active layer 

5 wafer and the supporting substrate wafer may be carried 
out by, for example, stacking two wafers in one on the 
other in an ordinary temperature and then applying a 
bonding thermal processing to the stacked wafers. The 
temperature used in the bonding thermal processing 

10 may be 800°C or higher, in one example, 1100°C.Time 
period of the bonding thermal processing may be two 
hours, for example. An atmospheric gas used within a 
thermal oxidation furnace may include oxygen. 
[0041] Further, when the surface grinding is applied 

'5 to the active layer wafer, in one example, a surface 
grinding wheel is used for the grinding. As for the con- 
dition of the surface grinding, for example, a resinoid 
grinding wheel in a grade of #360 to #2000 may be used 
so as to apply the surface grinding until the thickness of 

20 the remaining active layer reaches the range of 10 to 
60u.m. 

[0042] The thickness of the active layer may not be 
limited. Byway of example, the thickness of the relative- 
ly thicker active layer may be in a range of 1 to 200 urn, 
25 while the thickness of the relatively thinner active layer 
may be in a range of 0.1 to 1 .0 urn 
[0043] The periphery removing polishing process 
may be achieved by, for example, the surface polishing 
characterized in that a higher polishing rate is applied 
30 to the peripheral region of the active layer than that ap- 
plied to the central region thereof; the surface polishing 
characterized in that an increased amount of a polishing 
agent is supplied to the peripheral region of the active 
layer as compared to that supplied to the central region 
35 thereof; the surface polishing characterized in that an 
increased polishing pressure is applied to the peripheral 
region of the active layer as compared to that applied to 
the central region thereof; the surface polishing charac- 
terized in that a more aggressive polishing material is 
40 used for a portion of the polishing cloth to be pressed 
against the peripheral region of the active layer as com- 
pared to that used for a portion of the polishing cloth to 
be pressed against the central region of the active layer; 
or the surface polishing characterized in that a temper- 
as ature of a portion of the polishing cloth to be pressed 
against the peripheral region of the active layer is con- 
trolled to be higher than that of a portion of the polishing 
cloth to be pressed against the central region of the ac- 
tive layer. 

so [0044] In either case of polishing, for example, the 
bonding wafer, which has been processed with the sur- 
face grinding, is mounted on a polishing head of a pol- 
ishing apparatus and then a ground surface of the active 
layer wafer is pressed against the polishing cloth at- 

55 tached to apolishing platen while supplying an abrasive 
agent, to thereby carry out the polishing process. 
[0045] The polishing apparatus is not limited to any 
specific ones. A single wafer processing type of polish- 
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ing apparatus or a batch processing type of polishing 
apparatus maybe used. Further, a single side polishing 
apparatus of wax type or that of waxless type may be 
used. 

[0046] The type of polishing cloth is not limited to any 
specific ones, In one example, a porous non-woven fab- 
ric type of polishing cloth made of polyester felt impreg- 
natedwith polyurethane may be used. In addition, it may 
include an expandable urethane type of polishing cloth 
made by slicing a block of expanded urethane. Further, 
a suede type of polishing cloth may be used, which is 
made of expandable polyurethane stacked in layer on 
a surface of base material made of polyester felt impreg- 
nated with polyurethane, from which the top layer of the 
polyurethane is removed to left openings formed in the 
expanding layer. Furthermore, ceramic or glass may be 
used. 

[0047] Said polishing agent contains loose abrasive 
grains (polishing abrasive grains). The peripheral region 
of the ground surface of the active layer wafer is re- 
moved by polished through a grinding operation of the 
loose abrasive grains, which are fine grains, by pressing 
the ground surface of the active layer wafer with a re- 
duced thickness against an effective polishing surface 
of the revolving polishing cloth while supplying the pol- 
ishing agent. 

[0048] According to the sixth invention, the surface 
grinding is applied directly to the active layer wafer side 
of the bonding wafer after the bonding thermal process- 
ing, so as to reduce the thickness of the active layer wa- 
fer, and then the periphery removing polishing is applied 
to the active layer wafer so as to remove the defective 
portion to make it operable as the active layer. 
[0049] Employing such a periphery removing polish- 
ing process as described above allows to eliminate the 
periphery grinding process of the active layer wafer as 
well as the periphery etching process of the active layer, 
which have been required in the prior art method. As a 
result, the number of manufacturing processes of the 
bonding substrate can be reduced, and in conjunction 
with this, the manufacturing time of the bonding sub- 
strate can be also reduced. 

[0050] Further, applying the periphery removing pol- 
ishing may help prevent an etch pit from being devel- 
oped in the peripheral surface of the supporting sub- 
strate wafer, which could be caused by the periphery 
etching of the active layer, and it may also prevent, in 
the bonding substrate represented by the bonding SOI 
substrate, a contamination and/or a scratching from be- 
ing produced in the active layer, which could be caused 
by a mustache-shaped silicon oxide film portion left un- 
ground-off . This may enhance a production efficiency of 
non-defective units of the bonding substrate. As a result, 
a manufacturing cost of the bonding substrate may be 
reduced. Further, such a bonding substrate containing 
an active layer with a notch formed therein may be fab- 
ricated in a simple manner. 

[0051] Furthermore, since the peripheral region of the 



active layer is removed not by the alkaline etching but 
by the polishing, an indent resultant from anisotropic 
etching would not be generated in the peripheral edge 
surface of the active layer even in a region other than 

5 those defined by multiples of 90 degrees in the circum- 
ferential direction starting from the location of the orien- 
tation flat or the notch taken as a reference. Owing to 
this, the peripheral edge surface of the active layer can 
be formed into smooth surface over an entire circumfer- 

10 ence thereof 

[0052] A seventh invention provides a manufacturing 
method of a bonding substrate, further comprising, in- 
stead of said thermal processing step after said bonding 
step: after said periphery removing polishing step, a 

'5 central polishing step for polishing a central region of 
said active layer; and after said central polishing step, 
a thermal processing step for applying a thermal 
processing in a reducing atmosphere or in an inactive 
atmosphere to said bonding substrate thereby to en- 

20 hance the bonding strength of said bonding wafer while 
removing a crystal defect from the surface of said active 
layer. 

[0053] The amount of the active layer to be polished 
off from the central region thereof in said central polish- 
es ing step may be, for example, in a range of 5 to 10 jam, 
preferably 7u.m. The amount smaller than 5 u m may 
cause such a disadvantage that a damage from the sur- 
face grinding will left un-removed. Further, the amount 
greater than 10 urn will cause another disadvantage to 
30 require a longer polishing time. 

[0054] The atmosphere within the furnace during the 
thermal processing may be a reducing or an inactive gas 
atmosphere. 

[0055] The reducing atmosphere may be formed by 
35 using a reducing gas, such as H 2 , for example. 

[0056] The inactive atmosphere may be formed by us- 
ing an inactive gas, such as He, Ne, Ar, Kr, and Xe, for 
example. Further, a mixture of the reducing gas and the 
inactive gas, for example, a mixed gas composed of H 2 : 
40 Ar=5:1 , may be employed. 

[0057] The temperature used in the thermal process- 
ing may be 1000°C or higher, preferably in a range of 
1150 to 1250°C. The temperature lower than 1000°C 
may cause such a disadvantage that the crystal defect 
45 would not shrink sufficiently. The temperature higher 
than 1250°C may cause another disadvantage that a 
slip or a metallic contamination could occur in the active 
layer. 

[0058] Time period of the thermal processing may be 

50 one to three hours, for example. 

[0059] According to a seventh invention, since the 
thermal processing for enhancing the bonding strength 
between the active layer and the supporting substrate 
wafer is applied in the reducing atmosphere or in the 

55 inactive atmosphere afterthe central region of the active 
wafer having been polished, the crystal defect can be 
removed from the surface of the active layer even with- 
out applying the thermal processing under these atmos- 
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phere separately from the bonding thermal processing. 
[0060] An eighth invention provides a manufacturing 
method of a bonding substrate by using a smart cut 
method or an ELTRAN method or a SiGen method, said 
manufacturing method comprising: a bonding step for s 
bonding an active layer wafer and a supporting sub- 
strate wafer with one on the other; an active layer wafer 
removing step after said bonding step, for partially re- 
moving the active layer wafer with some portion thereof 
in the bonding side left on said supporting substrate wa- io 
fer so as to form an active layer on one surface of said 
supporting substrate wafer; and a periphery removing 
polishing step for applying polishing to said active layer 
from said removed surface side thereof so as to remove 
a peripheral region of said active layer and to leave a '5 
central region thereof un-removed. 
[0061] The smart cut method is defined by such proc- 
ess in which first of all, light elements are ion-implanted 
from one of the surfaces of the active layer wafer having 
an oxide film formed over an entire area of an exposed 20 
surface thereof, and then the supporting substrate wafer 
is bonded over the ion-implanted surface, and subse- 
quently, the thermal processing is applied to said bond- 
ed wafer to enhance its bonding strength, while at the 
same time, the bonding wafer is divided into two parts 25 
in its thickness direction along a portion into which the 
light elements have been ion-implanted so as to strip off 
a portion in the bonding side of the active layer wafer 
and thereby to form the active layer integrated with the 
supporting substrate wafer (see "Silicon Science" Chap- 30 
ter 6, Section 3, 3.2 Smart cut method, p. 465, issued on 
June 28, 1996, Realize Co., Ltd.). 
[0062] The ELTRAN method is defined by such a 
process in which first of all, a porous layer is formed in 
one of the surfaces of the active layer wafer by an ano- 35 
dization, a single crystal film is epitaxially grown on a 
top surface of the porous layer, and then the supporting 
substrate wafer having an oxide film formed over an en- 
tire area of an exposed surface thereof is bonded over 
the surface of the single crystal film side of the active w 
layer wafer, and subsequently, the thermal processing 
is applied to said bonded wafer to enhance its bonding 
strength, and then the active layer wafer is ground from 
the other surface opposite to the bonding side surface 
until the porous layer is exposed. Alternatively, a water « 
jet may be used to separate the bonded wafer in its po- 
rous layer. Subsequently, the exposed porous layer is 
subjected to a selective etching to thereby form the ac- 
tive layer composed of single crystal film (see "Silicon 
Science" Chapter 6, Section 4 ELTRAN, p. 467, issued so 
on June 28, 1996, Realize Co., Ltd.). 
[0063] The SiGen method is defined by such a proc- 
ess in which first of all, a SiGe layer is formed on one of 
the surfaces of the active layer wafer, a single crystal 
film is grown on a top surface of this SiGe layer by a ss 
vapor phase growth, and then an oxide film is formed 
on that surface, and subsequently, hydrogen ions are 
implanted from said one of the surfaces of the wafer to 



thereby stimulate the development of strain within the 
SiGen layer, and then, the supporting substrate wafer 
having the oxide film formed over an entire area of an 
exposed surface thereof is bonded with the active layer 
wafer on said one surface side, and an inactive gas, 
such as N 2 gas, is injected thereon to induce a stripping 
in the location of strain within the SiGe layer. Subse- 
quently, thus exposed SiGe layer is subjected to a se- 
lective etching. 

[0064] According to the eighth invention, after the 
stripping, the periphery removing polishing is applied to 
said active layer wafer to remove the defective bonding 
portion in the peripheral region of the wafer to thereby 
make it operable as the active layer. 
[0065] Employing such a periphery removing polish- 
ing process described above allows to eliminate a proc- 
ess for etching the periphery of the active layer, which 
has been conventionally required. As a result, the 
number of manufacturing processes of the bonding sub- 
strate can be reduced, and in conjunction with this, the 
manufacturing time of the bonding substrate can be also 
reduced. 

[0066] Further, applying the periphery removing pol- 
ishing may help prevent an etch pit from being devel- 
oped in the peripheral surface of the supporting sub- 
strate wafer, which could be caused by the periphery 
etching of the active layer, and it may also prevent, in 
the bonding substrate represented by the bonding SOI 
substrate, a contamination and/or a scratching from be- 
ing produced in the active layer, which could be caused 
by a mustache-shaped silicon oxide film portion left un- 
ground-off . This may enhance a production efficiency of 
non-defective units of the bonding substrate. As a result, 
a manufacturing cost of the bonding substrate may be 
reduced. 

[0067] Furthermore, since the peripheral region of the 
active layer is removed not by the alkaline etching but 
by the polishing, an indent resultant from anisotropic 
etching would not be generated in the peripheral edge 
surface of the active layer even in a region other than 
those defined by multiples of 90 degrees in the circum- 
ferential direction starting from the location of the orien- 
tation flat or the notch taken as a reference. Owing to 
this, the peripheral edge surface of the active layer can 
be formed into smooth surface over an entire circumfer- 
ence thereof. 

[0068] A ninth invention provides a manufacturing 
method of a bonding substrate, in which a polishing rate 
in the peripheral region of said active layer is controlled 
to be higher than that in the central region thereof. 
[0069] Respective polishing rates in the peripheral re- 
gion and the central region of the active layer are not 
limited to some specific values. The point is that any pol- 
ishing rates may be employed as far as the defective 
bonding portion in the peripheral region of the active lay- 
er can be removed by the polishing at the time when the 
central region of the active layer has been polished to a 
desired thickness (it is to be noted there is a case where 
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the central region has not been polished to the desired 
thickness). 

[0070] In a specific example, the polishing rate may 
be in a range of 5.0 to 1 0.0 urn/minute for the peripheral 
region of the wafer and in a range of 0 to 2.0 u.m/mlnute 
for the central region of the wafer. 
[0071] A tenth invention provides a manufacturing 
method of a bonding substrate, in which a polishing 
pressure applied onto the peripheral region of said ac- 
tive layer is controlled to be higher than that applied onto 
the central region thereof. 

[0072] In this manufacturing method, the polishing 
pressures are applied onto the bonding wafer such that 
the peripheral region of the active layer may be removed 
by the polishing at a time when the central region of the 
active layer has been polished to the desired thickness. 
[0073] In a specific example, the polishing pressure 
applied onto the peripheral region of the wafer may be 
in a range of 1000 to 2500 g/cm 2 and that applied onto 
the central region of the wafer may be in a range of 0 to 
500 g/cm 2 . 

[0074] An eleventh invention provides a manufactur- 
ing method of a bonding substrate, in which said periph- 
ery removing polishing step is executed by using a wafer 
periphery pressing jig which deforms the peripheral re- 
gion of said active layer so as to be protruded more to- 
ward a polishing surface side than the central region 
thereof. The wafer periphery pressing jig will be de- 
scribed in detail later. 

[0075] According to the eleventh invention, since the 
periphery removing polishing is executed by using the 
wafer periphery pressing jig under a condition where the 
peripheral region of the active layer wafer having a re- 
duced thickness is deformed so as to be protruded more 
toward the polishing surface side (toward the polishing 
cloth) than the central region thereof, therefore the pe- 
riphery removing polishing, which is a feature of the 
present invention, may be executed even with an exist- 
ing polishing apparatus if only mounted with the wafer 
periphery pressing jig thereon. 
[0076] A twelfth invention provides a manufacturing 
method of a bonding substrate further comprising, after 
said periphery removing polishing step, a partial periph- 
ery removing polishing step for polishing again exclu- 
sively a portion of said bonding wafer defined in a cir- 
cumferential direction in said peripheral region so as to 
remove the active layer in said portion. 
[0077] The amount to be polished off from said portion 
subjected to the polishing again may not be limited to a 
specific value. In one example, the amount to be pol- 
ished off may be in a range of 1 to 20 u.m. 
[0078] As the pressing jig used in the partial periphery 
removing polishing may be employed, for example, 
such a pressing jig for removing a portion of the wafer 
which may deform only the portion desired to be re- 
moved in the peripheral region of the bonding wafer so 
as to be protruded toward the polishing surface side. 
The pressing jig for removing a portion of the wafer will 



be described in detail later. 

[0079] According to the twelfth invention, applying 
such a partial periphery removing polishing allows a cer- 
tain portion of the active layer to be removed in a larger 

5 extent specifically in a certain area in the circumferential 
direction of the peripheral region of the wafer, for exam- 
ple, in the area of the orientation flat or the notch, result- 
ing in a wider terraced portion to be formed in the pe- 
ripheral region of the supporting substrate wafer. Owing 

10 to this, even if such a wider terraced portion is applied 
with the laser marking, for example, the effect of the ir- 
radiated laser would not easily reach the active layer. 
As a result, the generation of the dust particles in the 
active layer during the laser marking can be inhibited. 

15 [0080] A thirteenth invention provides a manufactur- 
ing method of a bonding substrate, in which said partial 
periphery removing polishing step is executed by using 
a pressing jig for removing a portion of the wafer 
( hereinafter referred to as a partial wafer removing 

20 pressing jig) which deforms only a portion desired to be 
removed in the peripheral region of said active layer so 
as to be protruded toward the polishing surface side. 
[0081] The pressing jig for removing a portion of the 
wafer will be described in detail later. 

25 [0082] A fourteenth invention provides a waferperiph- 
ery pressing jig interposed between a polishing head on 
which a semiconductor wafer is supported on a surface 
facing to a polishing cloth and said semiconductor wafer, 
said jig comprising: a jig body; and an annular protruding 

30 ridge section which is formed on a surface of said jig 
body defined in a semiconductor wafer supporting side 
and serves to deform the peripheral region of said sem- 
iconductor wafer to be protruded more toward a polish- 
ing surface side than the central region thereof. 

35 [0083] The semiconductor wafer may include, for ex- 
ample, a silicon wafer and a gallium arsenide wafer. The 
semiconductor wafer may be a single element or may 
be a bonding substrate comprising two semiconductor 
wafers that have been bondedwith each other (including 

40 a bonding SOI substrate) . 

[0084] As the base material for making the wafer pe- 
riphery pressing jig may be employed, for example, rigid 
resins such as Duracon (a brand name of polyacetal), 
PEEK (polyetheretherketone) and polycarbonate, met- 

45 als such as SUS or ceramics. The material of the pro- 
truding ridge section may be similar material as de- 
scribed above. The protruding ridgesectionmaybefor- 
medintegrallywiththejigbody. Alternatively, it may be 
formed separately. 

so [0085] The shape of the wafer periphery pressing jig 
may be modified in association with the exterior shape 
of the bonding wafer. A size of the wafer periphery 
pressing jig may be modified in association with a size 
of the bonding wafer to be polished. 

55 [0086] The shape of the jig body may not be limited 
to specific ones. For example, it may be made in a cir- 
cular-disk shape or in a circular cylindrical shape. 
[0087] The exterior shape of the protruding ridge sec- 
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tion may be modified appropriately in association with 
the shape of individual semiconductor wafer, for exam- 
ple, a semiconductor wafer having a notch or having an 
orientation flat. 

[0088] Further, the protruding ridge section may be 
formed continuously or formed intermittently. 
[0089] During the periphery removing polishing, the 
central region of the semiconductor wafer excluding the 
peripheral region thereof is pressed by a region in the 
jig body defined in an inner side than the protruding ridge 
section. The central region may be pressed by using a 
flat surface of the polishing head in its wafer supporting 
side. It is to be noted that the central region of the sem- 
iconductor wafer may not be necessarily pressed. Ac- 
cordingly, the wafer periphery pressing jig may have a 
ring-shaped jig body. A size of a wafer pressing plane 
may be modified in association with a size of the semi- 
conductor wafer. As for the supporting of the semicon- 
ductor wafer onto the wafer periphery pressing jig, in 
one example, the vacuum suction or a template support- 
ing may be employed. 

[0090] A tip end face of the protruding ridge section 
may be configured to be an inclined plane getting lower 
toward the central portion of the jig body. The angle of 
inclination of the inclined plane may be modified appro- 
priately within a range of 0. 1 to 90 degrees in association 
with the amount to be polished off in the peripheral re- 
gion of the semiconductor wafer. In case where a large 
amount of mass is to be polished off from the peripheral 
region of the wafer with a reduced width, the angle of 
the inclinat ion should be made greater. This inclined 
plane may not be linear in cross section but it may as- 
sume a curved plane similar to the bevel shape of the 
wafer. 

[0091] According to the fourteenth invention, the wa- 
fer periphery pressing jig is used to deform the periph- 
eral region of the semiconductor wafer so as to be pro- 
truded more toward the polishing surface side than the 
central region thereof, thus to carry out the periphery 
removing polishing. 

[0092] Employing such a periphery removing polish- 
ing process as described above allows, in the semicon- 
ductor wafer made up of the bonding substrate, to elim- 
inate the periphery grinding process of the active layer 
wafer as well as the periphery etching process of the 
active layer, which have been required in the prior art 
method, As a result, the number of manufacturing proc- 
esses of the bonding substrate can be reduced, and in 
conjunction with this, the manufacturing time of the 
bonding substrate can be also reduced. 
[0093] Further, in case where the semiconductor wa- 
fer is made up of bonding wafer for SOI substrate for 
example, applying the periphery removing polishing 
thereto may help prevent an etch pit from being devel- 
oped in the peripheral surface of the supporting sub- 
strate wafer, which could be caused by the periphery 
etching of the active layer, and it may also prevent a 
contamination and/or a scratching from being produced 



in the active layer, which could be caused by a mus- 
tache-shaped silicon oxide film portion left un-ground- 
off. This may enhance a production efficiency of non- 
defective units of the bonding substrate. As aresult, a 
5 manufacturing cost of the bonding substrate may be re- 
duced. Further, such a bonding substrate containing an 
active layer with a notch formed therein may be fabri- 
cated in a simple manner. 

[0094] Furthermore, since the peripheral region of the 
10 active layer is removed not by the alkaline etching but 
by the polishing, an indent resultant from anisotropic 
etching would not be generated in the peripheral edge 
surface of the active layer even in a region other than 
those defined by multiples of 90 degrees in the circuit- 
's ferential direction starting from the location of the orien- 
tation flat or the notch taken as a reference. Owing to 
this, the peripheral edge surface of the active layer can 
be formed into smooth surface over an entire circumfer- 
ence thereof. 

20 [0095] Yet further, since the periphery removing pol- 
ishing is executed by using the wafer periphery pressing 
jig under a condition where the peripheral region of the 
active layer wafer having a reduced thickness is de- 
formed so as to be protruded more toward the polishing 

25 surface side than the central region thereof, therefore 
the periphery removing polishing may be carried out 
even with an existing polishing apparatus if only mount- 
ed with the wafer periphery pressing jig thereon. 
[0096] A fifteenth invention provides a wafer periph- 

30 ery pressing jig, in which a notch pressing section is 
formed in said protruding ridge section, said notch 
pressing section being operative to deform a notch por- 
tion formed in the peripheral region of said semiconduc- 
tor wafer so as to be protruded more toward the polish- 

35 ing surface side than the central region thereof. 

[0097] The notch pressing section is a part of the pro- 
truding ridge section formed in a portion along an inner 
circumferential edge thereof to be pressed onto the 
notch forming portion in the semiconductor wafer. The 

40 notch pressing section has a similar figure to that of the 
notch of the semiconductor wafer and is configured to 
be larger than the notch by 0.1 to 0.5 mm. 
[0098] According to the fifteenth invention, since dur- 
ing the periphery removing polishing by using the wafer 

45 periphery pressing jig, the notch portion of the semicon- 
ductor wafer is deformed by the notch pressing section 
so as to be protruded more toward the polishing surface 
side than the central region of the wafer, therefore the 
periphery removing polishing process can be carried out 

so in conjunction with the polishing of the notch portion. 
[0099] A sixteenth invention provides a wafer periph- 
ery pressing jig, in which an orientation flat pressing sec- 
tion is formed in said protruding ridge section, said ori- 
entation flat pressing section being operative to deform 

55 an orientation flat portion formed in the peripheral region 
of said semiconductorwafer so as to be protruded more 
toward the polishing surface side than the central region 
thereof. 
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[0100] The orientation flat pressing section is a part 
of the protruding ridge section formed into a half-moon 
figure in a portion along an inner circumferential edge 
thereof to be pressed onto an orientation flat forming 
portion in the semiconductor wafer. The orientation flat 
pressing section has a similar figure to that of the orien- 
tation flat of the semiconductor wafer and is configured 
to be smaller than the orientation flat by 0.1 to 0.5 mm. 
[0101] According to the sixteenth invention, since dur- 
ing the periphery removing polishing by using the wafer 
periphery pressing jig, the orientation flat portion of the 
semiconductor wafer is deformed by the orientation flat 
pressing section so as to be protruded more toward the 
polishing surface side than the central region of the wa- 
fer, therefore the periphery removing polishing process 
can be carried out in conjunction with the polishing of 
the orientation flat portion. 

[0102] A seventeenth invention provides a pressing 
jig for removing a portion of a wafer (i.e., a partial wafer 
removing jig) interposed between a polishing head on 
which a bonding wafer comprising an active layer bond- 
ed with a supporting substrate wafer is supported with 
said active layer facing to a polishing cloth and said 
bonding wafer, said jig comprising: a jig body, and a par- 
tial protruding section which is formed on a surface of 
said jig body defined in a supporting side of the bonding 
wafer and is operative to deform only a portion desired 
to be removed in a peripheral region of said active layer 
to be protruded toward the polishing surface side. 
[0103] As the base material for making the partial wa- 
fer removing pressing jig may be employed, for exam- 
ple, rigid resins such as Duracon, PEEK and polycar- 
bonate, metals such as SUS or ceramics. The material 
of the partial protruding section may be similar material 
as described above. The partial protruding section may 
be formed integrally with the jig body. Alternatively, it 
may be formed separately. 

[01 04] The shape of the partial wafer removing press- 
ing jig may be modified in association with the exterior 
shape of the bonding wafer. Further, a size of the partial 
wafer removing pressing jig may be modified in associ- 
ation with a size of the bonding wafer to be polished. 
[0105] The shape of the jig body may not be limited 
to specific ones. For example, it may be made in a cir- 
cular-disk shape or in a circular cylindrical shape. 
[0106] The exterior shape of the protruding section 
may be modified appropriately in association with the 
shape of the portion desired to be removed in the pe- 
ripheral region of the bonding wafer, for example the 
half-moon shape configured in a size affordable to cover 
the notch portion or the orientation flat portion. 
[0107] In the bonding wafer, not only the central re- 
gion of the bonding wafer but also the portions in the 
peripheral region of the wafer except the portions de- 
sired to be removed are pressed by the region of the jig 
body located in an inner side of the partial protruding 
section . The central region of the bonding wafer may be 
pressed by using a flat plane of the polishing head in its 



wafer supporting side. As for the supporting of the bond- 
ing wafer onto the partial wafer removing pressing jig, 
in one example, the vacuum suction or a template sup- 
porting may be employed. 

5 [0108] A tip end face of the protruding section may be 
configured to be an inclined plane getting lower toward 
the central portion of the jig body. The angle of inclina- 
tion of the inclined plane may be modified appropriately 
within a range of 0.1 to 90 degrees in association with 

10 the amount to be polished off from the peripheral region 
of the bonding wafer. In case where an amount to be 
polished off from the peripheral region of the wafer is to 
be increased, the angle of the inclination should be 
made greater. This inclined plane may not be linear in 

'5 cross section but it may assume a curved plane similar 
to the bevel shape of the wafer. 
[0109] According to the seventeenth invention, by us- 
ing the partial protruding section of the partial wafer re- 
moving pressing jig, only the portion desired to be re- 

20 moved in the peripheral region of the bonding wafer, 
which has been previously processed with the periphery 
removing polishing, is deformed to be protruded toward 
the polishing surface side, so that only this protruded 
portion may be pressed against the polishing cloth for 

25 applying the periphery removing polishing. BY way of 
this, a certain portion of the active layer is removed in a 
larger extent specifically in a certain area in the circum- 
ferential direction of the peripheral region of the wafer, 
for example, in the area of the orientation flat portion or 

30 the notch portion, so as for these areas to be formed 
into a wider portion of inclined plane. Owing to this, even 
if such a wider portion is applied with the laser marking, 
the effect of the irradiated laser would not easily reach 
the active layer. As a result, the generation of the dust 

35 particles in the active layer during the laser marking can 
be inhibited. 

[0110] An eighteenth invention provides a partial wa- 
fer removing pressing jig, in which at least a portion to 
be brought into contact with the polishing cloth in said 

40 jig body and/or in said partial protruding section is made 
of such material that is not likely to be polished off as 
compared to the other parts thereof. 
[0111] Said material that is not likely to be polished 
off may not be limited to specific ones. For example, rigid 

45 resins such as Duracon, PEEK and polycarbonate, or 
ceramics may be employed. 

[0112] The material that is not likely to be polished off 
may be used exclusively in the jig body or exclusively in 
the partial protruding section. Alternatively, it may be 

so used in both of the jig body and the partial protruding 
section. The partial protruding section may be formed 
integrally with the jig body. Alternatively, it may be 
formed as a separate component. 
[0113] According to the eighteenth invention, even if 

55 a part of the jig body and/or the partial protruding section 
comes into contact with the polishing cloth during the 
polishing process, since the contacting portion is made 
of material that is not likely to be polished off, the jig body 
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and/or the partial protruding section would be hardly 
susceptible to the damage from the polishing cloth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0114] 

Fig. 1 is a flow chart showing a manufacturing meth- 
od of a bonding substrate according to a first em- 
bodiment of the present invention; >o 
Fig. 2 is a longitudinal sectional view showing a con- 
dition of a periphery removing polishing process in 
the manufacturing method of the bonding substrate 
according to the first embodiment of the present in- 
vention; ' 5 
Fig 3 is a perspective view showing a process for 
mounting a bonding wafer to a wafer periphery 
pressing jig employed in the manufacturing method 
of the bonding substrate according to the first em- 
bodiment of the present invention; 20 
Fig. 4 is a sectional view showing a wafer periphery 
pressing jig in use for awaferwith an orientation flat 
according to another embodiment of the present in- 
vention; 

Fig. 5 is a perspective view showing a process for 2S 
mounting a wafer to the wafer periphery pressing 
jig according to said another embodiment of the 
present invention; 

Fig. 6 is a sectional view showing a wafer periphery 
pressing jig in use for a wafer with an orientation flat so 
according to yet another embodiment of the present 
invention; 

Fig. 7 is a perspective view showing a process for 
mounting a wafer to the wafer periphery pressing 
jig according to said yet another embodiment of the 35 
present invention; 

Fig. 8 is a sectional view showing a wafer periphery 
pressing jig in use for a wafer with an orientation flat 
according to still another embodiment of the present 
invention: 40 
Fig. 9 is a perspective view showing a process for 
mounting a wafer to the wafer periphery pressing 
jig according to said still another embodiment of the 
present invention; 

Fig. 1 0 is a sectional view showing a wafer periph- *s 
ery pressing jig in use for a wafer with an orientation 
flat according to an alternative embodiment of the 
present invention; 

Fig. 11 Is a perspective view showing a process for 
mounting a wafer to the wafer periphery pressing so 
jig according to said alternative embodiment of the 
present invention; 

Fig. 12 is a sectional view showing a wafer periph- 
ery pressing jig in use for a wafer with a notch ac- 
cording to another alternative embodiment of the 55 
present invention; 

Fig. 13 is a perspective view showing a process for 
mounting a wafer to the wafer periphery pressing 



jig according to said another alternative embodi- 
ment of the present invention; 
Fig. 14 is a sectional view showing a wafer periph- 
ery pressing jig according to yet another alternative 
embodiment of the present invention; 
Fig. 15 is a sectional view showing main part of a 
partial wafer removing pressing jig employed in the 
manufacturing method of the bonding substrate ac- 
cording to the first embodiment of the present in- 
vention, 

Fig. 1 6 is a sectional view showing main part of an- 
other partial wafer removing pressing jig employed 
in the manufacturing method of the bonding sub- 
strate according to the first embodiment of the 
present invention; 

Fig. 17 is a sectional view showing a process for 
mounting a bonding wafer to a partial wafer remov- 
ing pressing jig for a wafer with an orientation flat 
employed in the manufacturing method of the bond- 
ing substrate according to a second embodiment of 
the present invention; 

Fig. 1 8 is a bottom view of the partial wafer remov- 
ing pressing jig according to the second embodi- 
ment of the present invention; 
Fig. 1 9 is a plan view of a bonding wafer fabricated 
by using the partial wafer removing pressing jig ac- 
cording to the second embodiment of the present 
invention; 

Fig. 20 is a sectional view showing a process of 
mounting a bonding wafer to a partial wafer remov- 
ing polishing jig employed in a manufacturing meth- 
od of a bonding substrate according to another al- 
ternative embodiment of the present invention; 
Fig. 21 is a plan view of a partial wafer removing 
pressing jig employed in a manufacturing method 
of a bonding substrate according to said another al- 
ternative embodiment of the present invention; 
Fig. 22 is a plan view of a bonding wafer fabricated 
by using the partial wafer removing pressing jig ac- 
cording to said another alternative embodiment of 
the present invention; 

Fig. 23 is a flow chart showing a manufacturing 
method of a bonding substrate according to a con- 
ventional means; 

Fig. 24 is an enlarged front elevation view of an etch 
pit developed in a peripheral end face of a support- 
ing substrate wafer according to the conventional 
means; 

Fig. 25 is an enlarged plan view of an etch pit de- 
veloped in a terraced section of a supporting sub- 
strate wafer according to the conventional means; 
Fig. 26 is an enlarged front elevation view of a por- 
tion left un-ground-off of a silicon oxide film devel- 
oped in a peripheral region of a supporting sub- 
strate wafer according to the conventional means; 
and 

Fig. 27 is an enlarged plan view of an indent devel- 
oped in a part of the peripheral edge face of an ac- 
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tive layer according to the conventional means. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0115] Preferred embodiments of the present inven- 
tion will now be described with reference to the attached 
drawings. It is to be appreciated that the present inven- 
tion is not limited to those embodiments. First of all, re- 
ferring to Fig. 1 through Fig. 1 6, a first embodiment will 
be described. 

[0116] As shown in Fig. 1, first of all, a single crystal 
silicon ingot is pulled up by using the Czochralski meth- 
od, and then thus obtained single crystal silicon ingot is 
applied to a series of processing consisting of block cut- 
ting, notch processing, slicing, beveling, lapping, etch- 
ing and mirror polishing to prepare a mirror finished ac- 
tive layer wafer 10 with a notch having a thickness of 
725 u.m and a diameter of 200 mm. On the other hand, 
by using the same production processes as those ap- 
plied to this active layer wafer 10, a mirror finished sup- 
porting substrate wafer 20 with notch having the same 
thickness and the same diameter therewith is prepared 
(Fig. 1 (a)). It is to be noted that the active layer wafer 
1 0 and the supporting substrate wafer 20 may not have 
the same thickness, One of them, the active layer wafer 
10 is introduced in a thermal oxidation furnace to expe- 
rience the thermal oxidation processing, so that its ex- 
posed surface is entirely covered with an insulating sil- 
icon oxide film 10a. In this connection, it is to be appre- 
ciated that the supporting substrate wafer 20 may be 
exclusively oxidized or both of said two wafers 10, 20 
may be oxidized. 

[01 17] After that, the both wafers 1 0, 20 are placed in 
one on the other with their mirror surfaces contacting to 
each other under the room temperature in a clean room 
(Fig. 1 (b)). Byway ofthis, abonding wafer 30 isformed. 
Through this bonding, the portion of silicon oxide film 
10a interposed between the active layer wafer 10 and 
the supporting substrate wafer 20 defines an implanted 
silicon oxide film 10b. 

[0118] Then, if desired, the bonding wafer 30 is intro- 
duced into the thermal oxidation furnace for bonding 
where the bonding thermal processing is applied to the 
bonding wafer 30 under an oxidizing atmosphere. The 
bonding temperature is set at 1100°C and the thermal 
processing time is two hours (again Fig. 1(b)). Through 
this process, the exposed surface of the bonding wafer 
30 is covered entirely with a silicon oxide film 30a, As a 
result, the exposed oxide film of the active layer wafer 
1 0 will become thicker. Thus, the reason why the bond- 
ing thermal processing is not necessarily required in 
forming the bonding wafer 30 is because a surface 
grinding will be applied later to the active layer wafer 1 0 
and also only the periphery removing polishing is ap- 
plied to the SOI layer 1 0A. This is owing to the fact that 
a bonding strength can be sufficiently maintained even 
by the bonding under the condition of room temperature 
since the grinding as well as the etching to the peripheral 



region are no more applied. 

[0119] Subsequently, a void inspection is performed 
by using an infrared ray. The void refers to a void defect 
caused by a defective bonding in a bonding interface 

5 between the active layer wafer 10 and the supporting 
substrate wafer 20. A non-defective bonding wafer 30 
Is subjected to a surface grinding with a resinoid grinding 
wheel in a grade of #300 to #2000, which is applied to 
a top surface side of the active layer wafer 10 (Fig. 1 

10 (c)). At that time, the amount to be ground off from the 
surface is around 700 ujti, and the thickness of the ac- 
tive layer wafer 1 0 with its reduced thickness after the 
processing may be around 20 urn. A total thickness var- 
iation (TTV) of the bonding wafer 30 may be equal to or 

'5 less than 1 urn. 

[0120] After that, a wafer periphery pressing jig 50 is 
used to apply a periphery removing polishing process 
to the ground surface of the active layer wafer 1 0 with 
reduced thickness for removing a defective bonding por- 

20 tion in the peripheral region which has been developed 
during the bonding and for leaving the central region, to 
thereby fabricate the SOI layer 1 0A, (Fig. 1 (d)). 
[0121] Firstly, the wafer periphery pressing jig 50 will 
now be described in detail with reference to Fig. 2 and 

25 Fig. 3. 

[0122] The wafer periphery pressing jig 50 comprises 
a jig body 51, an annular protruding ridge section 51a 
which is formed integrally with the jig body 51 in a cir- 
cumferential lower surface side thereof and serves to 

30 deform the peripheral region of the active layer wafer 1 0 
after having been processed by the surface grinding to 
be protruded more toward the polishing surface side 
than the central region, and a double-sided tape 52 to 
be affixed on a top surface of the jig body 51 . 

35 [0123] The jig body 51 is made of rigid resin such as 
PEEK and formed into a thick disk-like shape, The dou- 
ble-sided tape 52 is affixed by one of the surfaces there- 
of on the top surface of the jig body 51 . A region of the 
jig body 51 located in an inner side of the protruding 

40 ridge portion 51a forms a wafer pressing section to 
press an entire zone of a central region of the bonding 
wafer 30 from a back surface thereof. A size of that re- 
gion, or a size of a pressing surface 51b for the bonding 
wafer 30, is configured such that, for the case of the 

45 bonding wafer 30 having a diameter of 200 mm to be 
processed with the periphery removing polishing by 
about 1 .0 mm in the wafer peripheral region and by 
about 3.0 mm in the notch portion, a diameter for the 
notch portion should be about 1 97 mm and that for the 

so other portions than the notch portion should be about 
199 mm. The bonding wafer 30 is supported on the 
pressing surface 51b by a vacuum suction. 
[0124] A notch pressing section 51 c is formed in a part 
of an inner circumferential surfaceof theprotrudingridge- 

55 portion 51a, which serves to deform a notch portion of 
the active layer wafer 1 0 via a notch portion of the sup- 
porting substrate wafer 20 so as to be protruded more 
toward the polishing surface side than the central region 
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of the active layer wafer 10. 

[0125] An inner circumferential portion of a tip end 
face of the protruding ridge section 51a defines a ta- 
pered plane 51 d having its height getting lower gradually 
toward a central portion of the jig body 51 . An inclination 
angle 6 of the tapered plane 51 d is 30° . However, the 
inclination angle may be appropriately set within a range 
of 0.1° to 90°. 

[0126] The wafer periphery pressing jig 50 is affixed 
with the double-sided tape 52 to a lower surface of the 
polishing head 41 of the polishing apparatus 40 of single 
wafer processing type. After that, by using the wafer pe- 
riphery pressing jig 50, the bonding wafer 30, which has 
been processed with the surface grinding, is supported 
with its active layer wafer 1 0 side facing downward. Sub- 
sequently, the surface to be ground of the active layer 
wafer 10 is pressed against a polishing cloth 43 affixed 
on a top surface of a polishing platen 42 via a sponge 
rubber interposed therebetween, to thereby remove the 
wafer peripheral region. BY way of this, a defective 
bonding portion of the active layer wafer 1 0 is removed. 
The polishing cloth 43 is a soft non-woven pad, Suba 
600 (Asker hardness 80° ) manufactured by Rodale. 
[0127] During the periphery removing polishing proc- 
ess, a revolving speed of the polishing head 41 is set at 
60 rpm and a revolving speed of the polishing platen 42 
is set at 120 rpm. During this process, a polishing pres- 
sure of the active layer wafer 10 against the polishing 
cloth 43 applied via the wafer periphery pressing jig 50 
is in the order of 0 kg/cm 2 for the central region of the 
active layer wafer 1 0 and in the order of 500 kg/cm 2 for 
the peripheral region of the same. This results in a pol- 
ishing rate of the order of 5 to 1 0 urn/minute for the wafer 
peripheral region and the polishing rate of the order of 
0 u.m/minute for the wafer central region. The amount 
to be polished off is in the order of 0 u.m for the central 
region of the active layer wafer 1 0 and in the order of 20 
u.m for the wafer peripheral region, which causes the 
active layer wafer 1 0 to be removed in this region . A sup- 
ply amount of the polishing agent containing abrasive 
grains (colloidal silica) is at a rate of 1800 ml/minute. 
[0128] As described above, since in the present in- 
vention, the surface grinding is directly applied to the 
active layer wafer 1 0 side of the bonding wafer 30, which 
has been subjected to the bonding thermal processing, 
so as to reduce the thickness of the active layer wafer 
1 0 without applying the periphery grinding, and then the 
periphery removing polishing is applied to the active lay- 
er wafer 1 0 to remove the defective bonding portion de- 
veloped during the bonding process in the peripheral re- 
gion and to leave the central region as it is so as to form 
the SOI layer 10A, therefore the periphery grinding as 
well as the periphery etching, which have been both 
needed in the prior art, can now be eliminated. As a re- 
sult, the number of manufacturing processes of the 
bonding SOI substrate can be reduced and in conjunc- 
tion with this, the manufacturing time of the bonding SOI 
substrate can be also reduced. The thickness of the ob- 



tained SOI layer 1 0A is in the order of 1 5 to 20 urn and 
the TTV thereof is in the order of 1 to 5 u.m. 
[0129] Further, applying such periphery removing pol- 
ishing allows to solve the problems involved in the wafer 

5 quality associated with the prior art, including the prob- 
lem of the etch pit which could be developed in the pe- 
ripheral surface of the supporting substrate wafer by the 
periphery etching of the SOI layer and also the problem 
of the contamination and/or the scratching which could 

10 be produced in the SOI layer by the mustache-shaped 
silicon oxide film portion left un-ground-off in the periph- 
eral region of the SOI layer and then stripped and dis- 
persed therefrom. This may enhance a production effi- 
ciency of non-effective units of the bonding SOI sub- 
's strate. As a result, a manufacturing cost of the bonding 
SOI substrate can be reduced. Further, such a bonding 
SOI substrate containing the SOI layer with the notch 
formed therein, which has been considered difficult to 
fabricate in the conventional process, can now be fab- 

20 ricated in a simple manner. Consequently, the area 
available for forming the device on the SOI layer 10A 
can be extended as compared to the case of the SOI 
layer having the orientation flat. 
[0130] Furthermore, since the peripheral region of the 

25 SOI layer 1 0A is removed not by the alkaline etching as 
practiced in the prior art but by the mechanical polishing 
(periphery removing polishing), an indent resultant from 
the anisotropic etching would not be generated in the 
peripheral edge surface of the SOI layer 10A even in a 

30 region other than those defined by multiples of 90 de- 
grees in the circumferential direction starting from the 
location of the notch taken as a reference, or in the re- 
gion having uneven crystal orientation. Owing to this, 
the peripheral edge surface of the SOI layer 1 0A can be 

35 formed into smooth surface over an entire circumfer- 
ence thereof. 

[0131] In thus obtained SOI substrate, the peripheral 
face of the SOI layer 1 0A forms a polished tapered plane 
defined from the peripheral edge of the surface of the 

40 SOI layer 1 0A to the peripheral edge of the bonding in- 
terface of the supporting substrate wafer 20 having its 
defective bonding portion removed, as shown in Fig, 1 
(e) and Fig. 1 (e1). In addition, the notch is formed in 
one part of the peripheral region of the SOI layer 10A. 

45 Further, as shown in Fig. 1 (e2), sometimes, the silicon 
oxide film 30a in the periphery of the supporting sub- 
strate wafer 20 may be polished. 
[0132] Further, since the periphery removing polish- 
ing is executed by using the wafer periphery pressing 

50 jig 50 under a condition where the peripheral region of 
the active layer wafer 10 having a reduced thickness is 
deformed so as to be protruded more toward the polish- 
ing surface side than the central region thereof, there- 
fore the periphery removing polishing, which is a feature 

55 of the first embodiment, may be carried out with the ex- 
isting polishing apparatus 40 only by mounting the wafer 
periphery pressing jig 50 on an under surface of the pol- 
ishing head 41 . 
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[0133] Thus fabricated bonding SOI substrate is ap- 
plied to a surface grinding with high precision and low 
damage or a high precision polishing by using a double- 
sided polishing apparatus, though not shown, in order 
to control the TTV of the SOI layer 10A to be equal to 
orlowerthan 1 ^.m, in which a predetermined processing 
is carried out until the thickness of the SOI layer 10A 
reaches the range of 5 to 1 0 jim. Subsequently, by using 
the polishing apparatus of single wafer processing type, 
though not shown, the SOI layer 1 0A is finished to have 
a layer thickness of final desired value of 3 u.m. 
[0134] Then, if desired, a thermal processing is ap- 
plied to thus fabricated SOI substrate in order to en- 
hance a bonding strength of the bonding wafer 30 as 
well as to remove a crystal defect, such as COP, precip- 
itation of oxygen and OSP, from the surface of the SOI 
layer 1 0A (hereinafter this thermal processing will be re- 
ferred to as no-defect thermal processing). Specifically, 
the thermal processing is carried out at the temperature 
of 1200°C in the H 2 gas atmosphere for one hour, In this 
way, since the thermal processing is applied after the 
central region of the SOI layer 10A has been polished, 
the surface of the SOI layer 1 0A may be actually formed 
into a no-defect surface containing no crystal defect ex- 
isting therein. Further advantageously, the bonding 
strength of the bonding wafer 30 can be also enhanced. 
[0135] After that, thus obtained SOI substrate is 
cleaned, packed in a wafer case, for example, and 
shipped to a device manufacturer. 
[0136] In this connection, with reference to Fig. 4 
through Fig. 13, a wafer periphery pressing jig having a 
configuration different from that of the wafer periphery 
pressing jig 50 of the first embodiment will be exempla- 
rily described. 

[0137] A wafer periphery pressing jig 50A shown in 
Fig. 4 and Fig. 5 represents an example with a configu- 
ration allowing for the periphery removing polishing of 
the bonding wafer 30 having an orientation flat. An ori- 
entation flat pressing section 51 e is arranged in one part 
of the tapered plane 51 d of the protruding ridge portion 
51 a, which is protruding toward the central region of the 
pressing surface 51b, and serves to deform the orien- 
tation flat portion of the active layer wafer 1 0 to be pro- 
truded more toward the polishing surface side than the 
central region of the active layer wafer 10 via the sup- 
porting substrate wafer 20. Other configuration, opera- 
tion and effect of the wafer periphery pressing jig 50A 
are substantially the same as those of the wafer periph- 
ery pressing jig 50 of the first embodiment. 
[0138] A wafer periphery pressing jig 50B shown in 
Fig. 6 and Fig. 7 represents a jig including an orientation 
flat pressing section 51 e formed in one part of the ta- 
pered plane 51 d for applying the periphery removing 
polishing to the bonding wafer 30 having an orientation 
flat, in which the tapered plane 51 d of the protruding 
ridge section 51a forms a wide tapered plane defined 
from an outer circumferential edge of a tip end of the 
protruding ridge section 51a to an inner circumferential 



edge of a bottom of the protruding ridgo section 51a. 
Other conf igurat ion , operation and effect of the wafer 
periphery pressing jig 50B are substantially the same as 
those of the wafer periphery pressing jig 50 of the first 

5 embodiment. 

[0139] Next, Fig. 8 and Fig. 9 show another example 
of the wafer periphery pressing jig designated generally 
by reference numeral 50C, comprising the jig body 51 
which is made thicker and bonded to the polishing head 

10 41 by the double-sided tape 52, and an annulartemplate 
51 f which is arranged on an outer circumference of the 
protruding ridge section 51a to accommodate and hold 
the supporting substrate wafer 20 having the notch. The 
jig body 51, the protruding ridge section 51a and the 

'5 template 51 f are all made of the same material and 
formed integrally in one body. Employing the template 
51f helps enhance the holding force of the bonding wa- 
fer 30 during the periphery removing polishing. In this 
case, preferably, a play of the bonding wafer 30 within 

20 the template 51 f should be made as small as possible. 
If so, the removing width in the radial direction of the 
wafer may be made uniform across the entire area of 
the peripheral region of the bonding wafer 30. 
[0140] Other configuration, operation and effect are 

25 within the range of presumption based on the wafer pe- 
riphery pressing jig 50 of the above first embodiment, 
and its detailed description should be herein omitted. 
[0141] Further, Fig. 10 and Fig. 11 show a wafer pe- 
riphery pressing jig 50D for the bonding wafer 30 having 

so the orientation flat, which is an example equipped with 
said template 51 f. Otherconfiguration, operation and ef- 
fect of the wafer periphery pressing jig 50D are substan- 
tially the same as those of the wafer periphery pressing 
jig 50 described above. 

35 [0142] Furthermore, Fig. 12 and Fig. 13 show another 
example of the wafer periphery pressing jig designated 
generally by reference numeral 50E, in which the ta- 
pered plane 51 d of the protruding ridge section 51a de- 
fines a wide tapered plane extending from the outer cir- 

40 cumferential edge of the tip end of the protruding ridge 
section 51a up to the inner circumferential edge of the 
bottom of the protruding ridge section 51a, and further 
the template 51 f is provided. The notch pressing section 
51 c is formed in one part of the tapered plane 51 d. Other 

<*5 configuration, operation and effect of the wafer periph- 
ery pressing jig 50E are substantially the same as those 
of the wafer periphery pressing jig 50 described above. 
[0143] A wafer periphery pressing jig 50F shown in 
Fig. 14 represents an example in which the jig body 51 

50 also serves as the template 51 f to be fitted with the an- 
nular groove 41a formed in a lower portion of the pol- 
ishing head 41 from outer side thereof. The template 51 f 
is the same type as that of the wafer periphery pressing 
jig 50C described above, that accommodates and holds 

55 the supporting substrate wafer 20 having the notch. The 
protruding ridge section 51a and the template 51 f are 
both made of the same material to be formed integrally 
in one body. In the drawing, 6 designates an angle of 
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inclination of the tapered plane 51 d of the protruding 
ridge section 51a. 

[0144] Since the jig body is annular, the under part of 
the polishing head 41 serves as the wafer pressing sec- 
tion. The bonding wafer 30 is vacuum chucked directly 
onto the under surface of this polishing head 41 . 
[0145] Other configuration, operation and effect of the 
wafer periphery pressing jig 50F are within the range of 
presumption based on the wafer periphery pressing jig 
50 of the first embodiment described above, and the de- 
tailed explanation thereof should be herein omitted. 
[0146] Fig. 15 and Fig. 16 show the angle of inclina- 
tion, G , of the tapered plane 51 d of the protruding ridge 
section 51a in the wafer periphery pressing jigs 50 and 
50A - 50E. Among those, Fig. 15 shows the angle of 
inclination, 0 , of the tapered plane 51 d of the type em- 
ployed in the wafer periphery pressing jig 50, 50A, 50C, 
and 50D. Further, Fig. 1 6 shows the angle of inclination, 
6 , of the tapered plane 51 d of the type employed in the 
wafer periphery pressing jig 50B and 50E. 
[0147] A second embodiment of the present invention 
will now be described with reference to Fig. 17 through 
Fig. 22. 

[01 48] The feature of the second embodiment resides 
in a point that after the periphery removing polishing in 
the first embodiment, a partial periphery removing pol- 
ishing process is applied, in which only a portion in the 
circumferential direction of the peripheral region of the 
bonding wafer 30 is polished again (i.e. , the second pol- 
ishing) so as to remove the active layer 1 0A in that por- 
tion. 

[0149] A specified portion of the bonding wafer 30 
subject to the second polishing is the portion in the vi- 
cinity of the orientation flat. By applying such a partial 
periphery removing polishing, a width, d, of a terraced 
section in the vicinity of the orientation flat of the sup- 
porting substrate wafer 20 is extended, and the hard la- 
ser mark, M, may be printed on that extended terraced 
section (Fig. 19). For partial periphery removing polish- 
ing, a partial wafer removing pressing jig 60 is used. 
[0150] In this regard, the partial wafer removing 
pressing jig 60 will be described in detail. 
[0151] The partial wafer removing pressing jig 60 
comprises a jig body 61 , and a partial protruding section 
62 which is formed integrally with the jig body 61 on a 
surface thereof for supporting the bonding wafer 30 and 
serves to protrude only a portion desired to be removed 
of the peripheral region of the active layer 10A toward 
a polishing surface side. 

[0152] The jig body 61 is made of rigid material, such 
as PEEK, and has a thick disk-like shape. A top surface 
of the jig body 61 is affixed with one of the faces of the 
double-sided tape 52. An annular protruding ridge sec- 
tion 61a is integrally formed with the jig body 61 on a 
lower surface of a peripheral region thereof. In this con- 
figuration, an under surface of the peripheral region of 
the jig body 61 except a portion located in the vicinity of 
the orientation flat is securely bonded with an anti-wear 



frame 61 b made of ceramic having generally a C-shape. 
Further, an orientation flat guide 61 c is formed integrally 
with the protruding ridge section 61 a in a portion thereof 
facing to the orientation flat of the bonding wafer 30, by 

5 thickening said portion to thereby guide the orientation 
flat portion of the bonding wafer 30 from outside thereof. 
Herein, a region located in an inner side of the protruding 
ridge section 61a forms a pressing section for pressing 
an entire area of the central region of the bonding wafer 

10 30 from a back surface. Size of this region, or the size 
of a pressing surface 61 d against the bonding wafer 30, 
is specified to be sufficient for applying the partial pe- 
riphery removing polishing to the wafer by an amount in 
the order of 4 mm in the orientation flat portion for the 

is bonding wafer 30 having a diameter of 200 mm. A partial 
protruding section 62 is formed integrally with the press- 
ing surface 61 d in a portion corresponding to that of the 
orientation flat of the wafer such that the width of the 
terraced section, d, of the supporting substrate wafer 20 

20 may be extended to 4 mm. The partial protruding section 
62 is a 0.2 mm high flat raised portion formed adjacently 
to the orientation flat guide 61 c. When the bonding wafer 
30 is vacuum sucked onto the pressing surface 61 d, the 
orientation flat portion of the bonding wafer 30 is de- 

25 formed by the partial protruding section 62 so as to be 
protruded more toward the polishing surface side than 
the central region of the active layerwafer 10, ultimately 
protruding slightly beyond the lower end face of the pro- 
truding ridge section 61a. Five pieces of spaced suction 

30 ports 61 e.. . are formed in a central region of the pressing 
surface 61 d, which are in communication with an air suc- 
tion section of a vacuum generator (not shown). 
[0153] During the partial periphery removing polishing 
process, the polishing head 41 is driven at a revolving 

35 speed of 60 rpm and the polishing platen 42 is driven at 
a revolving speed of 60 rpm. During this process, the 
polishing pressure of the active layer wafer 10 against 
the polishing cloth 43 applied via the partial wafer re- 
moving pressing jig 60 is in the order of 0 kg/cm 2 for the 

40 central region of the active layer wafer 1 0 and in the or- 
der of 500 kg/cm 2 for the orientation flat portion of the 
same. This results in the polishing rate of the order of 5 
to 10 (im/minute for the orientation flat portion and the 
polishing rate of the order of 0 um/minute for the wafer 

45 central region. The amount to be polished off is in the 
order of 0 urn for the central region of the active layer 
wafer 1 0 and in the order of 20 urn for the wafer periph- 
eral region, which causes the active layer wafer 10 to 
be removed in the orientation flat portion by the width d 

so (4 mm). The supply amount of the polishing agent con- 
taining abrasive grains (colloidal silica) is at a rate of 
1800 ml/minute. 

[0154] As described above, since in the present in- 
vention, the partial periphery removing polishing is car- 
55 ried out, one part of the wafer peripheral region of the 
active layer 10A in the vicinity of the orientation flat is 
removed in a large extent to form a wide section in the 
inclined plane of the wafer peripheral region. Owing to 
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this, even if the laser marking M is applied to said wide 
section, the effect of the irradiated laser would not easily 
reach the active layer 10A. As a result, the generation 
of the dust particles in the active layer 10A during the 
laser marking can be inhibited. 
[0155] Other configuration, operation and effect of the 
partial wafer removing pressing jig 60 is substantially the 
same as those of the wafer periphery pressing jig 50 of 
the first embodiment described above, and the explana- 
tion thereof should be herein omitted. 
[0156] Fig. 20 through Fig. 22 show an example of a 
partial wafer removing polishing jig designated general- 
ly by reference numeral 60A, which is configured to ap- 
ply the partial periphery removing polishing to the bond- 
ing wafer 30 having a notch. A notch guide 61f for guid- 
ing the notch portion of the bonding wafer 30 from out- 
side is formed integrally with the protruding ridge section 
61 a in its portion facing to the notch of the wafer by mak- 
ing this portion thicker into half-moon shape in a bottom 
view. In addition, a partial protruding section 62A for ex- 
tending the width, d1 , of the terraced section of the sup- 
porting substrate wafer 20 to 4 mm is formed integrally 
with the pressing surface 61 d in its notch portion. The 
partial protruding section 62A is a 0.2 mm high flat raised 
portion formed adjacent to the notch guide 61 f. Other 
configuration, operation and effect of the partial wafer 
removing polishing jig 60A are substantially the same 
as the wafer periphery pressing jig 50 of the first embod- 
iment described above. 

[0157] Although no illustration in the drawings, the 
bonding wafer may be clamped within the wafer periph- 
ery pressing jig or the partial wafer removing pressing 
jig in order to reduce a play of the bonding wafer in the 
wafer periphery pressing jig or the partial wafer remov- 
ing pressing jig. 

[0158] Further, in the above embodiments, the de- 
scription has been provided by taking as an example the 
bonding SOI substrate that may be fabricated by bond- 
ing the active layer wafer and the supporting substrate 
wafer in one on the other and then reducing the thick- 
ness of the active layer wafer through the surface grind- 
ing or the like to form the active layer. However, the 
present invention is not limited to this, but can be applied 
to the bonding substrate fabricated by, for example, the 
smart cut method. Furthermore, the present invention 
can be applied also to the bonding substrate fabricated 
by the ELTRAN method or the SiGen method. 
[0159] In these cases, during fabrication of the bond- 
ing substrate by the smart cut method, the ELTRAN 
method or the SiGen method, after having bonded the 
active layer wafer with the supporting substrate wafer, 
the active layer wafer is removed with a portion defined 
in the bonding side left on the supporting substrate wafer 
to thereby form the active layer on one surface of the 
supporting substrate wafer. Subsequently, the polishing 
is to be applied to the active layer from the removing 
surface side thereof to remove the peripheral region but 
leave the central region thereof (i.e., periphery removing 



polishing). Further, the present invention may be appro- 
priately applied for polishing the peripheral region of not 
only the bonding wafers but also a variety of substrates. 
[0160] As described above, according to the present 

5 invention, since the periphery removing polishing has 
been employed as the polishing process subsequent to 
the surface grinding, in which the defective bonding por- 
tion in the peripheral region of the active layer wafer is 
removed with the central region thereof left un-removed, 

'0 therefore the periphery grinding of the active layer wafer 
and the periphery etching of the active layer, which have 
been required in the prior art, can be eliminated. Owing 
to this, the number of manufacturing processes of the 
bonding substrate can be reduced and the manufactur- 

's ing time of the bonding substrate can also be reduced. 
[0161] Further, applying the periphery removing pol- 
ishing may help prevent an etch pit from being devel- 
oped in the peripheral surface of the supporting sub- 
strate wafer, which could be caused by the periphery 

20 etching, and it may also prevent a contamination and/or 
a scratching from being produced in the active layer, 
which could be caused by a silicon oxide film portion left 
un-ground-off in the peripheral region of the active layer. 
This may enhance a production efficiency of non-defec- 

25 tive units of the bonding substrate. As a result, a man- 
ufacturing cost of the bonding substrate may be re- 
duced. Further, such a bonding substrate containing an 
active layer with a notch formed therein may be fabri- 
cated in a simple manner, which has been considered 

30 difficult to fabricate according to the conventional meth- 
od. 

[0162] Furthermore, since the alkaline etchant is no 
more used, an indent resultant from the anisotropic 
etching would not be generated in a region of the outer 
35 circumferential edge surface of the active layer, even in 
a region having uneven crystal orientation. Owing to 
this, the peripheral edge surface of the active layer can 
be formed into smooth surface over an entire circumfer- 
ence thereof. 

40 [0163] In addition, since the wafer periphery pressing 
jig is used to apply the periphery removing polishing, 
even an existing polishing apparatus still can carry out 
the periphery removing polishing process of the present 
invention in an easy manner. 

« [0164] Further, if after the periphery removing polish- 
ing, the partial wafer removing pressing jig is used to 
apply the peripheral region removing polishing, a certain 
portion of the active layer is removed in a large extent 
specifically in a certain area in the circumferential direc- 

50 tion of the peripheral region of the wafer, for example, 
in the area of the orientation flat portion or the notch por- 
tion, so as for these areas to be formed into a wider por- 
tion of inclined plane. Owing to this, even if such a wider 
portion is applied with the laser marking, the effect of 

55 the irradiated laser would not easily reach the active lay- 
er. As a result, the generation of the dust particles in the 
active layer during the laser marking can be inhibited. 
[0165] Further, the bonding wafer can be fabricated 
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without causing any peripheral region of the wafer to bo 
stripped even without applying the thermal processing 
for enhancing the bonding strength after bonding the ac- 
tive layer wafer and the supporting substrate wafer un- 
der a room temperature, by applying the surface grind- 
ing to the active layer wafer and also applying the pe- 
riphery removing polishing to the peripheral region of the 
active layer. As a result, when the thermal processing is 
applied in the reducing atmosphere or in the inactive at- 
mosphere after the central region of the active layer has 
been polished, the crystal defect can be removed from 
the surface of the active layer even if the thermal 
processing in the above atmosphere is not applied sep- 
arately from the bonding thermal processing. It means 
that the surface of the active layer can be made a defect- 
free surface. 

EFFECT OF THE INVENTION 

[0166] As described above, the bonding substrate, 
the manufacturing method thereof and the wafer periph- 
ery pressing jigs used in the same method are useful for 
the bonding substrate comprising the active layer bond- 
ed with the supporting substrate wafer, the bonding sub- 
strate having the SOI structure, orthe bonding substrate 
fabricated by the smart cut method, the ELTRAN meth- 
od orthe SiGen method. 



Claims 

1 . A bonding substrate comprising an active layer and 
a supporting substrate wafer for supporting said ac- 
tive layer from a back surface side thereof, said ac- 
tive layer and said supporting substrate wafer being 
bonded with each other, wherein 

a peripheral surface of said active layer as- 
sumes a polished inclined plane defined from a pe- 
ripheral edge of a top surface of said active layer to 
aperipheral edge of a bonding interface of said sup- 
porting substrate wafer whose defective bonding 
portions having been removed or defined from the 
peripheral edge of the top surface of said active lay- 
er to the peripheral edge of said supporting sub- 
strate wafer. 

2. A bonding substrate in accordance with claim 1 , in 
which said top surface of said active layer contains 
no crystal defect existing therein. 

3. A bonding substrate in accordance with claim 1 or 
2, in which a width of said polished inclined plane 
varies depending on the part in the circumferential 
direction of the wafer. 

4. A bonding substrate in accordance with claim 3, in 
which a wider part in said inclined plane defines a 
notch portion or an orientation flat portion. 



5. A bonding substrate in accordance with any one of 
claim 1 through claim 4, in which said bonding sub- 
strate is a bonding SOI substrate including an oxide 
film implanted between said active layer and said 

5 supporting substrate wafer. 

6. A manufacturing method of a bonding substrate, 
comprising: 

10 a bonding step for bonding an active layer wafer 

and a supporting substrate wafer in one on the 
other; 

a thermal processing step for enhancing a 
bonding strength of said bonding wafer fabri- 

'5 cated in said bonding step; 

a surface grinding step for applying a surface 
grinding to the active layer wafer side of said 
bonding wafer to decrease a thickness of said 
active layer wafer so as to make it operative as 

20 an active layer; and 

a periphery removing polishing step for apply- 
ing polishing to said active layer from said sur- 
face grinding side so as to remove a defective 
bonding portion in a peripheral region and to 

25 leave a central region un-removed. 

7. A manufacturing method of a bonding substrate in 
accordance with claim 6, further comprising, in- 
stead of said thermal processing step after said 

30 bonding step: 

after said periphery removing polishing step, a 
central polishing step for polishing a central re- 
gion of said active layer; and 

35 after said central polishing step, a thermal 

processing step for applying a thermal process- 
ing in a reducing atmosphere or in an inactive 
atmosphere to said bonding wafer thereby to 
enhance the bonding strength of said bonding 

40 wafer while removing a crystal defect from the 

surface of said active layer. 

8. A manufacturing method of a bonding substrate by 
using a smart cut method, an ELTRAN method or a 

45 SiGen method, said manufacturing method com- 
prising: 

a bonding step for bonding an active layer wafer 
and a supporting substrate wafer with one on 

so the other; 

an active layer wafer removing step after said 
bonding step, for partially removing the active 
layer wafer with some portion thereof in the 
bonding side left on said supporting substrate 

55 wafer so as to form an active layer on one sur- 

face of said supporting substrate wafer; and 
a periphery removing polishing step for apply- 
ing polishing to said active layer from said re- 
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moved surface side thereof so as to remove a 
peripheral region of said active layer and to 
leave a central region thereof un-removed. 

9. A manufacturing method of a bonding substrate in 
accordance with any one of claim 6 through 8, in 
which a polishing rate in the peripheral region of 
said active layer is controlled to be higher than that 
in the central region thereof. 

10. A manufacturing method of a bonding substrate in 
accordance with claim 9, in which a polishing pres- 
sure applied onto the peripheral region of said ac- 
tive layer is controlled to be higher than that onto 
the central region thereof. 

11. A manufacturing method of a bonding substrate in 
accordance with claim 10, in which said periphery 
removing polishing step is executed by using a wa- 
fer periphery pressing jig which deforms the periph- 
eral region of said active layer so as to be protruded 
more toward a polishing surface side than the cen- 
tral region thereof. 

12. A manufacturing method of a bonding substrate in 
accordance with any one of claim 6 through claim 
11 , further comprising, after said periphery remov- 
ing polishing step, a partial periphery removing pol- 
ishing step for polishing again exclusively a portion 
of said bonding wafer defined in a circumferential 
direction in said peripheral region so as to remove 
the active layer in said portion. 

13. A manufacturing method of a bonding substrate in 
accordance with claim 12, in which said partial pe- 
riphery removing polishing step is executed by us- 
ing a partial wafer removing pressing jig which de- 
forms only a portion desired to be removed in the 
peripheral region of said active layer so as to be pro- 
truded toward a polishing surface side. 



pressing section being operative to deform a notch 
portion formed in the peripheral region of said sem- 
iconductor wafer so as to be protruded more toward 
the polishing surface side than the central region 
s thereof. 

16. A wafer periphery pressing jig in accordance with 
claim 14, in which an orientation flat pressing sec- 
tion is formed in said protruding ridge section, said 

10 orientation flat pressing section being operative to 
deform an orientation flat portion formed in the pe- 
ripheral region of said semiconductor wafer so as 
to be protruded more toward the polishing surface 
side than the central region thereof. 

17. A partial wafer removing pressing jig interposed be- 
tween a polishing head on which a bonding wafer 
comprising an active layer bonded with a supporting 
substrate wafer is supported with said active layer 

20 facing to a polishing cloth and said bonding wafer, 
said jig comprising: 

a jig body, and 

a partial protruding section which is formed on 
25 a surface of said j ig body defined in a support- 

ing side of the bonding wafer and is operative 
to deform only a portion desired to be removed 
in a peripheral region of said active layer to be 
protruded toward the polishing surface side. 

30 

18. A partial wafer removing pressing jig in accordance 
with claim 17, in which at least a portion to be 
brought into contact with the polishing cloth in said 
jig body and/or in said partial protruding section is 

35 made of such material that is not likely to be pol- 
ished off as compared to the other parts thereof. 



14. A wafer periphery pressing jig interposed between 
a polishing head on which a semiconductor wafer 
is supported on a surface facing to a polishing cloth 
and said semiconductor wafer, said jig comprising: 



a jig body; and 

an annular protruding ridge section which is 
formed on a surface of said jig body defined in 
a semiconductor wafer supporting side and so 
serves to deform the peripheral region of said 
semiconductor wafer to be protruded more to- 
ward a polishing surface side than the central 
region thereof. 

55 

15. A wafer periphery pressing jig in accordance with 
claim 14, in which a notch pressing section is 
formed in said protruding ridge section, said notch 
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